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GENERAL SUMMARY 

This publication comprises two main parts. 
Part one (Chapter i) deals with the leaf anatomy of Apocynaceae in East Africa, 

where this family is represented by 77 species in 30 genera. Out of these, 37 species 
in 26 genera are examined and these exhibit a wide range of anatomical variations. 
Many species can be separated on the basis of their leaf anatomy and many genera 
are confirmed to be closely related. The most outstanding anatomical characters 
include the dorsiventral leaves, presence of laticifers, and bicollateral vascular bun
dles with intraxylary phloem. 

Part two (Chapter 2) is a monograph of the apocynaceous subtribe Pleiocarpinae-
Plumeriodeae-Carisseae, which comprises of three genera, Hunteria (12 spp.); 
Pleiocarpa (5 spp.) and Picralima (1 sp.). The subtribe Pleiocarpinae is restricted to 
Africa, although one species, Hunteria zeylanica, extends to Asia. It is easily distin
guished from the other members of the tribe Carisseae by the presence of completely 
apocarpous ovaries, with 2-5 carpels, which are a great exception in the family 
Apocynaceae. 

The genus Picralima was first described by Pierre in 1896 and has since remained 
monotypic. Its only species, Picralima nitida, is not only exploited for its wood, but 
also used medicinally in its present distribution area and employed as well as an 
arrow and a fish poison. 

In this publication, three new species are described in the genus Hunteria 
(Roxburgh, 1814, 1824) and one new combination is made. 

The genus Pleiocarpa (Bentham, 1876) has proved to be a very difficult subject 
due to insufficient collections and lack of sufficient information from the field. At 
present it has 5 species and one doubtful species of which the collections are all 
either sterile or only bearing fruits. One new species is described. 

Parallel to the investigations reported here a taxonomie treatment was prepared 
for the Flora of Tropical East Africa. This contribution, covering all the mentioned 
30 genera and 77 species, will be submitted to the editors in Kew shortly. 
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SAMENVATTING 

Deze publicatie bestaat voornamelijk uit twee delen. 
Hoofdstuk i behandelt de bladanatomie van vertegenwoordigers van de in Oost 

Afrika voorkomende Apocynaceae, een familie die daar 77 soorten in 30 genera telt. 
Hiervan werden 37 soorten van 36 genera bestudeerd en deze vertonen een grote 
variatie aan anatomische kenmerkstaten. Veel soorten kunnen worden onderscheiden 
aan de hand van de kenmerken van de bladanatomie, en de nauwe verwantschappen 
tussen vele genera kunnen er mee worden bevestigd. De meest opvallende 
anatomische kenmerken zijn de dorsiventrale bladeren, de aanwezigheid van 
melksapvaten, en bicollaterale vaatbundels met intraxylair floeem. 

Hoofdstuk 2 is een monografie van de subtribus Pleiocarpinae, welke uit drie 
genera bestaat: Hunteria (met 12 soorten); Pleiocarpa (5 soorten) en Picralima (1 
soort). De subtribus Pleiocarpinae van de onderfamilie Plumerioideae, tribus 
Carisseae, is voornamelijk beperkt tot Afrika, maar één soort, Hunteria zeylanica, 
komt ook in Azië voor. De subtribus verschilt duidelijk van andere in de tribus 
Carisseae door de aanwezigheid van geheel apocarpe vruchtbeginsels met 2 tot 5 
vruchtbladen, hetgeen een grote uitzondering is in de familie Apocynaceae. 

Het genus Picralima werd door Pierre in 1896 beschreven en is sindsdien 
monotypisch gebleven. De enige soort, Picralima nitida, wordt niet alleen vanwege 
het hout geëxploiteerd, maar ook medicinaal benut en bovendien zowel voor pijlgif 
als voor visvergift. 

In Hunteria (Roxburgh, 1814,1824) worden drie nieuwe soorten beschreven, en 
er is een nieuwe combinatie gemaakt. 

Het genus Pleiocarpa (Bentham, 1876) bleek een zeer lastig onderwerp, doordat 
er weinig materiaal verzameld is en veldgegevens nauwelijks beschikbaar waren. Er 
worden nu vijf soorten onderscheiden en er is een probleemgeval waarvan de 
belegexemplaren óf steriel waren óf alleen vruchten dragen. Er is één nieuwe soort 
beschreven. 

Tijdens het onderzoek dat hier wordt gepubliceerd werd ook een taxonomische 
bewerking voorbereid voor de Flora van Tropisch Oost Afrika. Deze bijdrage die de 
genoemde 30 genera en 77 soorten omvat, zal binnenkort aan de redactie van de 
Flora of Tropical East Africa in Kew worden aangeboden. 

Wageningen Agricultural University Papers 96-1 (1996) 



1 LEAF ANATOMY OF APOCYNACEAE IN 
EAST AFRICA 

i.i SUMMARY 

A study has been made of 37 species in 26 genera of the Apocynaceae in East Af
rica. The anatomical characters found to be useful in distinguishing taxa are: pres
ence and absence of hairs/domatia, hair types and position on the leaf, cuticular 
architecture (SEM), stomatal outline, and occasionally density, their leaf venation; 
in transverse section: petiole/midrib outline, shape of vascular bundle, phloem ar
rangement, presence or absence of fibres in the petiole, and occasionally spongy 
mesophyll arrangement and presence or absence of foliar sclerids, arrangement of 
laticifers at the midrib, sclerenchymatous marginal veins and presence of papillose 
cells at the margin. The present study confirms a close relationship between the 
Pleiocarpinae (Hunteria, Picralima and Pleiocarpa); Motandra and Oncinotis; 
Mascarenhasia and Funtumia; Carissa, and Acokanthera and Tabernaemontana, 
Voacanga Schizozygia and Carvalhoa. 
The most outstanding anatomical characters are the dorsiventral leaves; presence of 
lalicifers; typically bicollateral vascular bundle in petiole and leaf and presence of 
intraxylary phloem. 

1.2 INTRODUCTION 

In East Africa, the plant family Apocynaceae is represented by 77 species in 30 
general (Table 3). The family is usually subdivided into two subfamilies, 
Plumerioideae and Apocynoideae. The subfamilies are further subdivided into tribes 
and subtribes (Table 3). The earliest work on the general leaf anatomy was by 
Solereder (1899, 1908) followed by Poulsen (1917) and Metcalfe & Chalk (1950). 
Other work on leaf anatomy includes Sayeed-ud-Din (1941) on Lochnera pusilla 
(now Catharanthus pusilla); Holm (1910) on Apocynum cannabinum; Ballard 
(1926), on trichomes in Apocynum, Ngan (1965) on the genus Wrightia; Newcombe 
& Patel (1966) on Voacanga schweinfurthii (now V. africana); Fjell (1983) on 
Allamanda neriifolia (now A. schottii), Thevetiaperuviana and Winca minor; Araujo 
etal., (1984) on Plumeria rubra. Epidermal and venation studies have been carried 
out by Chandra et al., (1969, 1972); Kapoor et al., (1969); Sharma et al., (1970); 
Kapoor & Mitra (1979). Extensive stomatal studies in West African species have 
been carried out by Nyawuame & Gill (1991), other work on stomata include 
Karatela & Gill (1983). Apart from the stomatal studies in West African species of 
Apocynaceae and a few remarks on some African genera by Metcalfe & Chalk 
(1950), leaf anatomy especially of the East African species is hitherto unknown. 

In the present paper leaf anatomical characters are described in detail for 26 of the 
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30 genera in East Africa and their effect on the current taxonomie relationships in 
the family is discussed at the end of the chapter. 

All scientific authorities of the species names have been omitted, these are given 
in the final index. 

1.3 MATERIAL AND METHODS 

All living material was obtained from the field in Kenya, fixed in FAA and stored 
in 70% alcohol. Material from Uganda and Tanzania was obtained from Kew and 
East African herbaria (see appendix 1). 

Dried leaves were boiled for several minutes and stored in 70% alcohol. Petiole 
and leaves were sectioned at the approximate midpoint using a Reichert sliding mi
crotome, cleared with parazone, and mounted in euparol after dehydration through 
an alcohol series. Technical methods for cuticular preparations, clearing leaves, 
stomatal counts and measurements for lamina thickness are adapted from Wilkinson 
(1989). 

1.4 OBSERVATIONS 

Characteristics of the family Apocynaceae as a whole: 

Leaves: opposite, rarely alternate or bunches set close together as in Adenium 
obesum, or whorled as in Rauvolfia, Pleiocarpa and Alstonia; petiolate, rarely sessile 
as in Voacanga af ricana, entire; texture varies from membranaceous as in Carvalhoa 
campanulata to coriaceous as in Carissa and Acokanthera, to succulent as in 
Adenium obesum; size ranges from 0.8-3.6 x 0.3-1.4 cm in Strophanthus mirabilis 
to i.8-50(-70) x 0.8-19 cm in Rauvolfia coffra; petiole with colletors and axils of 
secondary veins with domatia as in Motandra, Baissea and Oncinotis; blade obovate 
to linear as in Adenium obesum to elliptic as in Clitandra cymulosa; completely 
glabrous as in Hunteria to densely short-pubescent as in Strophanthus hypoleucos. 

Leaf venation: According to the terminology proposed by Hickey (1979) for the 
architecture of dicotyledonous leaves, all the species studied have camptodromous 
leaves, as the secondary veins do not terminate at the margin. The venation is either 
brochidodromous with secondaries joined together in a series of prominent arches 
(Figs:22A, B) or eucamptodromous with secondaries connected to superadjacent 
veins by a series of cross-veins without forming prominent marginal loop (Fig 22c). 

Leaf surface 
Hairs: present on the petiole as in Dictyophleba, Ancylobotrys and Carissa (Fig. iC, 
F); on both surfaces of midrib as in Baissea myrtifolia and Holarrhena pubescens 
(Fig. 11, B); on adaxial midrib as in Carissa tetramera or on abaxial leaf surface as 
in H. pubescens and Stephanostema stenocarpum. Hairs simple, uniseriate, 1-20-
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celled; thin-walled, short as in Mascarenhasia arborescens (Fig. iE); thick walled, 
long and straight as in Holarrhenapubescens (Fig. iB); thick-walled, curved, with 
very short cells as in Dictyophleba lucida (Fig. iF); thick-walled, hooked, but with 
longer basal cells and shorter terminal cells as in Baissea myrtifolia (Fig. il). Glan
dular hairs with three basal cells have been observed in the petiole of Motandra 
guineensis (Fig. iD). Tufts of hairs (domatia) are present in the axils of secondary 
veins e.g. in Baissea myrtifolia, with long curled hairs (Fig. 3E) and in Oncinotis 
tenuiloba with short straight hairs (Fig. 3F). 

Cuticularsurface: smooth as in Diplorhynchus condylocarpon (Fig. 2A) and Carissa 
tetramera (Fig. 5C); with wings of striae across subsidiary cells as in T. stapfiana 
(Fig. 5B); with concentric rings of striae over subsidiary cells as in Strophantus 
courmontii (Fig. 4C); with ridges extending from the stomatal poles as in 
Stephanostema stenocarpum (Fig. 5A); with striatums confined to each cell as in 
Schizozygia coffaeiodes (Fig. 2D) or striate over the whole surface as in 
Tabemaemontana stapfiana (Fig. 2C). 

Stomata: distribution hypostomatic in almost all species examined except in Stro-
phanthus courmontii (Fig. 6A), Schizozygia coffaeiodes, Voacanga africana and V. 
thouarsii where it is amphistomatic and in Carissa edulis where a few stomata 
overly the adaxial midrib. In this case the stomata found on the adaxial surface are 
very few and larger than the ones on the abaxial surface (Fig. 6A, B). 

Stomata outline: broadly elliptic as in Carissa tetramera (Fig. 5C); narrowly elliptic 
as in Rauvolfia mannii (Fig. 7G); circular as in Ancylobotrys tayloris (Fig. 5E). 

Density per mm2: (Table 2): lowest in Tabemaemontana pachysiphon (31 -56-69) and 
highest in Dictyophleba lucida (700-825-925). 

Stomatal size: (Table 2): ranging from 14.6-16.6 u,m long in Landolphia watsoniana 
to 26.4-36.5 [im long in Tabemaemontana stapfiana. 

Subsidiary cells: in most cases the subsidiary cells were readily distinguished from 
adjacent epidermal cells by their specially thin cuticle; paracytic (Fig. 7D, F, G), 
sometimes extending over one or both poles (laterocytic) a s m Carvalhoa 
campanulata, Holarrhena pubescens (Fig. 6D) and Stephanostema stenocarpum; 
usually with one or two pairs of subsidiary cells, rarely 3 pairs as in Acokanthera 
oppositifolia (Fig. 6F); occasionally paracytic cells subdivided by radiating walls 
on one or both sides as in Strophanthus courmontii (Fig. 6B); anomocytic and 
anisocytic as in Hunteria congolana; anomocytic with 5-8 cells around the stoma 
as in Clitandra cymulosa and 3-6 cells as in Dictyophleba lucida (Fig. 6H); 
cyclocytic or cyclocytic-tetracytic with 3-4 subsidiary cells as in Pleiocarpa (fig 
7B), with 7-8 subsidiary cells as in Carissa edulis; tetracytic with 4 subsidiary cells 
as in A. oppositifolia (Fig. 6F); occasionally complex as in A. oppositifolia. Pri
mary stomata observed in several species of most genera (Fig. 4C); double stomata 
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present in several species (Fig. 6B); single guard cell observed in Holarrhena 
pubescens. 

Anticlinal walls: (Table 2), ± straight on both sides as in Acokanthera oppositifolia 
(Fig. 6E, F); very undulate on both sides as in Baissea myrtifolia (Fig. 7C, D); 
slightly undulate on both sides as in Rauvolfia mannii (Fig. 6E, F); adaxial straight, 
abaxial undulate as in Oncinotis tenuiloba and Rauvolfia mombasiana (Fig. 7G, H). 

T.S. (Transverse Section) of leaf lamina (Figs. 13, 14) 

Thickness: (Table 1), ranging from 82-110 urn in Baissea myrifolia to 384-458 um 
Acokanthera oppositifolia. 

Cuticle and outer periclinal walls: (Fig. 8,9,) the outer cuticle is of even thickness 
along the lamina (Fig. 8A, K, W) and of even thickness to crenate at the midrib and 
margin (Fig. 9H, I, J, K, L, T); generally thicker at the midrib and margin in all spe
cies examined (Fig. 9A, B, G, M, P, T); ranging from 1 um in Carvalhoa 
campanulata to 9.4-48 urn in Acokanthera oppositifolia. 

Epidermal cells: (Fig 8,9), more or less rectangular in most of the species examined 
(Fig. 8 A, B, O, S, T); Table 1, to almost square or taller than wide as in Adenium 
obesum which has the largest epidermal cells (up to 68.4 x 61.8 um) (fig. 8C); adax
ial epidermal cells generally larger than abaxial (Fig. 8C, D), occasionally of ± the 
same size as in Diplorhynchus condylocarpon; usually smaller, taller than wide and 
with an obtuse apex at the midrib in Adenium obesum (Figs. 9C, D) and Oncinotis 
tenuiloba; with an acute apex as in Mascarenhasia arborescens (Figs. 9I, J). Adaxial 
epidermal cells 1-layered in most species; 2-layered at the midrib and margin as in 
Mascarenhasia arboresens (Fig. 9S); intermittently 2-layered with larger cells in the 
second layer in Ancylobotrys tayloris (Fig. 8E); irregularly 2-3-layered, sometimes 
with tangential divisions in Funtumia elastica and Tabernaemontana pachysiphon 
(Figs. 8M, U, W 18F); abaxial mostly i-layered; 1-2-layered as in F elastica andT. 
stapfiana (Figs. 8N, X). 

Stomata T.S.: (Figs. 10 & n ) , Stomata level with the cuticular surface as in 
Oncinotis tenuiloba (Fig. 11D), Adenium obesum or Alafia microstylis; raised on 
abaxial surface as in Strophantus courmontii and Tabernaemontana pachysiphon 
(Figs. 1 iF, H); sunken on adaxial surface as in Strophanthus courmontii and abaxial 
surface Voacanga thouarsii (Figs. 1 iE, J); with a very thick cuticular ledge as in 
Acokanthera oppositifolia and Picralima nitida (Figs. 10A, 11 A); with smaller cutic
ular ledges in several other species (Figs. 1 iB, C, 1,10B, C, F, H, I). 

Mesophyll: (Table 2; Fig. 12), bifacial in all the species examined except in Saba 
comorensis (Fig. 12A) and where it is homogenous (the palisade and spongy tissue 
cannot be distinguished). In some species like Acokanthera oppositifolia there are 
2-3 layers of poorly developed palisade-like cells above the lower epidermis (Fig. 
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I2E), 3-rows in Carissa edulis, 2-rows in Clitandra cymulosa (tendency to be 
isobilateral). 

Palisade tissue: (Table i), the palisade tissue consists of 1-4 layers of regularly 
arranged cells elongated at right angles to the adaxial epidermis; it may extend to the 
midrib as in Tabernaemontana elegans (Fig. 15F) or leave a gap as in Saba 
comorensis (Fig 15D); it is i-layered in Holarrhena pubescens (Fig. 12B), Baissea 
myrtifolia and Carvalhoa campanulata; 2-layered as in Clitandra cymulosa and 3-4-
layered as in Stmphanthus courmontii, Tabernaemontana elegans (Fig. 12D) andZ 
stapfiana. In the multiseriate palisade tissue the outermost cells are the longest, the 
innermost the shortest; palisade cells are characteristically short in Stmphanthus 
courmontii and several times longer than wide as in Carissa tetramera (Fig. 16B), 
Rauvolfia caffra, Landolphia buchananii and Funtumia elastica (Fig. 17E). 

Spongy mesophyll cells: (Fig. 12), appear less regular; transversely elongated and 
compact as in Hunteria congolana and H. pubescens (Fig. 12B), or less compact as 
in Tabernaemontana elegans (Fig. 12D) except in Saba comorensis where all the 
cells are vertically elongated and very compact (homogenous) (Fig. 12 A) and in 
Ancylobotrys tayloris where they are also more or less elongated perpendicular to 
the leaf surface, but very lacunate (Fig. 12C), and in Diplorhychus condylocarpon 
where they are less lacunate (Fig. 12F) and in Adenium obesum where they are more 
or less irregularly arranged. 

Minor veins: embedded in most of the species examined, collateral, with xylem on 
adaxial and phloem on abaxial side; xylem vessels usually surrounded by thick-
walled fibres as in Pleiocarpa bicarpellata (Fig. 16F), the larger veins of 
Acokanthera oppositifolia are bicollateral; transcurrent as in Diplorhynchus 
condylocarpon (Fig. 12F), Ancylobotryspetersiana and Saba comorenis (Fig. 12A) 
with girders towards one or both epidermis (Figs. 12 A, F). Girders and bundle sheath 
cells composed of thin- to thick-walled parenchyma cells (Fig. 16F). 

Midrib: (outlines illustrated in Figs. 13 & 14). 

Thickness: thickest inTabernaemontana stapfiana (2013-2141 um) and thinnest in 
Baissea myrtifolia (201-238 urn); adaxial outline ± straight as in Motandra 
guineensis (Fig. 14B) and Baissea myrtifolia (Fig. 13F); prominent as in Holarrhena 
pubescens and Tabernaemontana pachysiphon (Figs. 13N, 14N, 15B); abaxial ± 
straight asia Ancylobotrys tayloris andPleiocarpapycnantha (Figs. 13E, 14E, 15E), 
very prominent as in Tabernaemontana elegans (Fig. 15F); outline ± straight on both 
sides as in Diplorhynchus condylocarpon and Landolphia watsoniana (Figs. 13L, 
R). 

Vascular bundle bicollateral, usually consisting of one median crescentic bundle 
(Figs. 13, 14) but may have small accessory bundles as in Pleiocarpa pycnantha 
(14E); usually in the form of a shallow arc as in Carissa edulis (Fig. 13G) although 
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it may rarely be crenate as in Pleiocarpa bicarpellata (Fig. 14D), comparative
ly deep as in Mascarenhasia arborescens (Fig. 14A) and v-shaped as in 
Tabemaemontana (Figs. 14M, N, O); ends of bundle in contact with one another, 
forming a cylindrical bundle as in Landolphia and Clitandra (Figs. 13J, Q), in this 
case the top part of the bundle is predominantly composed of fibres (Fig. 15C); with 
a lower crescentic bundle and five smaller ones at the top as in Saba comorensis 
(Fig. 15D) ; in Clitandra cymulosa the outer phloem is surrounded by lignified tissue. 

Phloem: generally surrounds the xylem as in (Figs. 13,14), but may extend across 
the bundle as in Ancylobotrys, Tabemaemontana and Landolphia (Figs. 13D, E, 
14N, O); may also form islands of phloem in the middle of the bundle as in 
Dictyophleba lucida and Tabemaemontana elegans (Figs. 13K, 14M, 15F); the is
lands of phloem may alternate with thick-walled mucilaginous fibres as in Oncinotis 
tenuiloba (Fig. 16A) and Motandra guineensis. 

Fibres: mucilaginous fibres usually present in groups of 1-20 immediately below the 
vascular bundle (Fig. 16F), may extend to the abaxial side which usually has less 
fibres. Lignified, thick-walled fibres present on the adaxial side of the bundle in 
Carissa tetramera. 

Laticifers: (Fig. 17) The laticifers are typically branching tubes with thin, smooth 
walls and no dividing transverse walls (Fig. 17B, C, E). The degree of branching 
varies from species to species and may be very branched as in Funtumia elastica, 
(Fig. 17E) to less branched as in Landolphia. The laticifers are mostly narrower than 
the surrounding cells (6-13 um diam.) but may be very wide as in Carissa and 
Acokanthera (32 um diam.) and become increasingly narrower towards the epider
mis (Fig. i7B).They ramify throughout the mesophyll, commonly following the 
veins (Fig. 17A, D) and ramify outwards towards the epidermis as in Adenium 
obesum (Fig. 17B) or towards the palisade as in Holarrhena pubescens. Also ob
served adjacent to the inner periclinal walls of the adaxial epidermis, above the pali
sade tissue as in Strophanthus courmontii and Hunteria zeylanica; present in the 
ground tissue of the petiole ramifying towards the epidermis as in H. pubescens and 
Ancylobotrys petersiana (Fig 17C). 

Crystals: (Fig. 18), clustered, solitary, small prismatic or rhomboidal crystals of 
calcium oxalate recorded. Clustered crystals occur in large idioblasts as in Hunteria 
zeylanica, mainly in the palisade tissue (Fig. 17E, 18A); in enlarged cells in the first 
layer of the spongy mesophyll as in Holarrhena pubescens or in the entire mesophyll 
as in Funtumia elastica and Oncinotis tenuiloba (Fig. 18B); in layers of 2-4 crystals 
above the minor veins as in Rauvolfia caffra and R. mombasiana (Fig. 18E); in the 
ground tissue of the midrib especially in Schizozygia coffaeoides and Funtumia 
elastica. Smaller crystals common in the layer above the lower epidermis in most 
species. Solitary crystals occasional in both epidermis of Pleiocarpa bicarpellata 
and Hunteria; solitary and crystals of irregular shape frequently abundant in the in 
the phloem of most of the species investigated and in the ground tissue of the midrib 
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of Motandra guineensis alternating with clustered crystals; along the veins in 
Dictyophleba lucida (Fig. 18D). 

Margin: (Fig. 19) usually straight as in Acokanthera oppositifolia (Fig. 19A) to 
revolute as in Schizozygia coffaeoides (19B); slightly revolute (downcurved) at the 
tip with a rounded apex as in Carissa tetramera (Fig. 19C). Epidermal cells may be 
small as in Diplorhynchus condylocarpon and Baissea myrtifolia (Fig. 9Q); ex
tremely large and with an obtuse apex as in Adenium obesum (Fig. 9N, 19D), acute 
as in Carissa edulis to long, pointed and papillose as in Acokanthera oppositifolia 
(Fig. 9M, 19A). Marginal vein with a well developed sclerenchymatous bundle 
sheath of several layers in Carissa tetramera (Fig. 19C) and A. oppositifolia, and 
Dictyophleba lucida (Fig. 19C). 

Petiole: (Figs. 20 & 21), Outline varies from ridged on the abaxial and canaliculate 
on adaxial as in Funtumia elastica (Fig. 20G) or straight on adaxial as in Adenium 
obesum (Fig. 20B) to subglobose as in Schizozygia coffaeoides (Fig. 2 iD) to circular 
as m Dictyophleba lucida (Fig. 20F). Vascular bundle bicollateral, of one crescentic 
median bundle which may be shallow as in Adenium (Fig. 20B); deep and with 
incurved edges as in Hunteria and Pleiocarpa (Figs. 20H, 21C) to almost cylindrical 
as in Ancylobotrys, Dictyophleba or Motandra (Fig. 20C, F, 21 A); to cylindrical but 
flattened on the adaxial side to form a semi-circle as in Clitandra cymulosa and Saba 
comorensis (Fig. 20D, 2 iB). Vascular strand strongly supported in the pericyclic 
region by thick-walled mucilaginous fibres in Hunteria, Pleiocarpa (Fig. 16C) and 
Picralima. Cluster crystals present in the ground tissue of the petiole in Funtumia 
elastica, Mascarenhasia arborescens (Fig. 18C), Schizozygia coffaeoides and in 
Motandra guineensis, styloids also present. 

YOUNG STEM (Transverse section): 
The stem of 20 species of Apocynaceae was examined. All had the similar type of 
arrangement in cross section (Figs. 22E, F), with the epidermis outermost; followed 
by the cortex, sometimes with solitary or grouped stone cells; then the pericycle with 
white, sometimes mucilaginous, unlignified fibres, mostly in groups; followed by 
the phloem; then the xylem which forms a continous cylinder traversed by narrow 
rays; all the species have an intraxylary phloem at the margin af the pith; pith fre
quently containing sclerosed elements as in Acokanthera, Carissa, Hunteria, 
Landolphia, Picralima, Pleiocarpa and Tabemaemontana (Figs. 22 D, F). Accord
ing to Mecalfe and Chalk (1950), no pericyclic fibres were seen Rhazya orientalis 
(Dene.) A. DC. Amsonia orientalis Dcne.Latifers are present in all the species exam
ined and is generally situated in the primary cortex, pericycle, phloem and pith (Fig. 
17F). 

Wageningen Agricultural University Papers 96-1 (1996) 



1.5 C H A R A C T E R I S T I C S O F T H E G E N E R A 

1.5.1 Acokanthera G.Don 

(Figs. 3D, 6E, F, 8A, B, 9A, B, M, 10A, M, 12E, 13A, 17A, 19A, 20A; Tables 1, 
2, 3; Appendix 1) 

A genus of 5 species, mainly trees or shrubs from Yemen to South Africa. It is repre
sented by three species in East Africa. A. oppositifolia is examined here. 

Leaf surface 
HAIRS: absent. CUTICULAR SURFACE (SEM): more or less smooth but very 
uneven on both surfaces. STOMATA (Table 2): hypostomatic; paracytic, with 2-3 
pairs of subsidiary cells and cyclocytic-teracytic, sometimes with very complex 
subsidiary cells Figs. 6E, F). outline broadly elliptic to circular and rounded at the 
poles, with wide rims and a round aperture; subsidiary cells obscured by thick 
peristomatal rims; size 15-22 x 11.5-16 [im; density per mm2 650-719. EPIDER
MAL CELL OUTLINE: indistinctly visible as grooves. ANTICLINAL WALLS 
(LM): straight to slightly curved on both sides (Figs. 6E, F). 

T.S. lamina 
THICKNESS (Table 2) 384-458 urn thick. CUTICLE: adaxial 19-26.6 um thick, 
abaxial 9.4-15 um thick, very thick at the midrib, even thicker at the margin at 22-48 
um. ADAXIAL EPIDERMAL CELLS: 1-layered, rectangular, 11-19 x 19-40 urn, 
much smaller at the midrib. ABAXIAL EPIDERMAL CELLS: i-layered, 11.4-
1 0 x 57-28.5 (im, much smaller than adaxial, even smaller at the midrib, triangular 
and acute at the apex. STOMATA (T.S.) (Fig. 10A): with a very thick cuticular 
ledge and wide aperture. MESOPHYLL: bifacial; palisade extends to the midrib, in 
2(-3) rows, with 1-2 layers of poorly developed palisade on the abaxial side (Fig. 
12E); spongy mesophyll with somewhat horizontally elongated cells, with ample air 
spaces. MINOR VEINS: small veins collateral with xylem on the adaxial and 
phloem on the abaxial side; larger veins bicollateral, with a lot of fibres on the lateral 
and abaxial side of the xylem tissue. MIDRIB (Fig. 13A; Table 1): 677-732 um 
thick; abaxial outline almost flat to slightly curved; abaxial with a slight ridge. Vas
cular bundle bicollateral, forming a shallow arc, with 6-10 mucilaginous fibres on 
the adaxial side, xylem tissue with a lot of thick-walled, xylem fibres on the adaxial 
and lateral sides (Fig. 17A). Collenchyma on the adaxial periphery of the midrib. 
MARGIN: straight, with a marginal vein surrounded with several layers of scleren-
chymatous tissue; cuticle very thick; epidermal cells papillose, pointed (Fig. 19A) 
CRYSTALS: cluster crystals (druses) present in the palisade layer, especially in the 
2nd row and the layer immediately above the lower epidermis. LATICIFERS: al
ways accompany the veins, quite prominent at the midrib (Fig. 17A), branching 
throughout the mesophyll towards the adaxial or abaxial epidermis, becoming in
creasingly narrower at the point of branching. 
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T.S. petiole 
Vascular bundle bicollateral, forms a relatively deep arc with incurved edges (Fig. 
20A), with small accessory bundles predominantly surrounded with thick-walled 
fibres; Laticifers observed along the veins as in the midrib; ground tissue predomi
nantly parenchymatous, lignified, with pits. 

Comments: 
This species exibits various xeromorphic characters such as coriaceous leaves, thick 
cuticle and outer epidermal cell walls as well as a tendency towards being 
isobilateral. The stomata has a very thick cuticular ledge. 

1.5.2 Adenium Roem. & Schult. 

(Figs. 8C, D, 9C D, N, ioB, 13B, 17B, 19B, 20B; Tables 1 & 2, 3; Appendix 1) 

A genus of 6 species, mainly succulent shrubs or trees up to 5 m tall in Africa from 
Senegal in the West to South Africa. Represented by Adenium obesum in East Africa 
which extends to Socotra and the extreme southern part of Arabia, and is examined 
here. 

Leaf surface 
HAIRS: absent. CUTICULAR SURFACE (SEM): adaxial surface smooth, abaxial 
striate over the whole surface. STOMATA: hypostomatic and paracytic, occasionally 
subsidiary cells subdivided by radiating walls on one or both sides or sometimes 
cyclocytic-staurocytic with 3-4 cells around the stomata; outline elliptic; size 23-
33.5 x 19-22.5 [im; density per mm2 150-188. EPIDERMAL CELL OUTLINE 
(SEM): adaxial with cuticular ridges over anticlinal walls, smooth within the cells. 
ANTICLINAL WALLS (LM): adaxial straight angular, abaxial straight to very 
slightly curved. 

T.S. Lamina 
THICKNESS (Table 1, Fig. 13B): 403-439 um. CUTICLE: thickest on adaxial epi
dermis and leaf margin, thinnest on lower epidermis. ADAXIAL EPIDERMAL 
CELLS (Fig. 8C): regular, i-layered, very large, 43.7-68.4 x 28.5-61.8 urn, taller 
than wide, smaller at the midrib. ABAXIAL EPIDERMAL CELLS (Fig. 8D): irreg
ular, i-layered, 19-28.5 x 15.2-57 um, widerthan tall. STOMATA (TS.) (Fig. 10B): 
slightly raised and with a wide aperture. MESOPHYLL: bifacial; palisade layers 1 -2, 
does not extend to the midrib; spongy mesophyll cells more or less irregularly ar
ranged and quite compact. MINOR VEINS: collateral, with a parenchymatous 
sheath. MIDRIB (Fig. 13B ; Table 1 ) : 1245-1263 um thick, with a prominent abaxial 
ridge and a slight adaxial projection. Vascular bundle crescent-shaped, bicollateral; 
ground tissue of midrib collenchymatous towards the periphery, especially on the 
abaxial side. MARGIN: slightly revolute at the tip, with collenchyma at the acute tip; 
epidermal cells taller than wide with a rounded apex (Figs. 9N, 19D). CRYSTALS: 
none seen. LATICIFERS (Fig. 17B): many, branched throughout the mesophyll; 
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along the veins; branching below the palisade and epidermis; between the palisade 
and epidermal cells and towards the abaxial or adaxial epidermis. 

T.S. petiole 
Vascular bundle bicollateral, forming a shallow arc, with accessory bundles at the 
wings (20 B); collenchyma cells at the periphery; epidermal cells very small. 

Comments: the leaves examined have no hairs, but the leaves of this genus are usu
ally glabrous to hairy. Nyawuame & Gill (1991) recorded anomocytic stomata in 
Adenium obesum with straight anticlinal walls on both leaf surfaces and the agenous 
type of stomatal development. 

1.5.3 AlafiaThouars 

(Fig. 90, 13C; Table 1, 2; Appendix 1) 

A genus of 23 lianescent species in Africa. Represented by 5 species in East Africa. 
A. microstylis is examined here. 

Leaf surface 
HAIRS: absent. CUTICULAR SURFACE (SEM): smooth. STOMATA: 
hypostomatic; paracytic; outline elliptic, size 18-25 x 19-20 urn; density per mm2 

140-150. EPIDERMAL CELL OUTLINE (SEM): undulate ANTICLINAL WALLS 
(LM): both undulate. 

T.S. lamina 
THICKNESS (Table 1) 256-302 ujn. CUTICLE: 1.9-2.9 urn thick on both sides, 
3.8-4.8 Jim thick around the midrib. ADAXIAL EPIDERMAL CELLS: i-layered, 
13.3-18 x 13.3-34.2 um, rectangular, 2-layered at the midrib and leaf margin, thick-
walled. ABAXIAL EPIDERMAL CELLS: i-layered, 8.6-12.4 x 13.3-32.3 um, 
narrower. STOMATA (T.S.): more or less level with the surface. MESOPHYLL: 
bifacial; palisade 15-36 x 4-13 fim, in i-2(-3) rows, extends to the midrib; spongy 
mesophyll with somewhat horizontally elongated cells, not compact. MINOR 
VEINS: embedded, collateral, with xylem surrounded with thick-walled fibres, 
phloem abaxial, with an outer parenchyma sheath; larger minor veins bicollateral. 
MIDRIB (Table i;Fig. 13C): 402-439 [im thick; adaxial outline with a slight depres
sion, abaxial slightly projecting. Vascular bundle bicollateral forming a shallow 
crescentic arc with islands of mucilaginous fibres below. Collenchyma present only 
on the adaxial periphery. MARGIN: straight, epidermal cells smaller (Fig. 90) ; cutin 
thick. CRYSTALS: a few large clustered crystals in the mesophyll, smaller ones on 
the row above lower epidermis; a few rhombohedra and many small clustered crys
tals in the phloem. LATICIFERS: accompany the veins; branching below the pali
sade; between epidermal cells towards both epidermis. 
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T. S. petiole 
Vascular bundle bicollateral. 

Comments : Ny awuame & Gill ( 1991 ) reported paracytic stomata, with sinuous anti
clinal walls on both surfaces and the eumesogenous ontogenetic type of development 
in Alafia barteri, A. multifiora and A. landolphioides (as A. scandens). Stomatal 
sizes ranged from 23.2-25.8 x 13.6-19.8 [im. 

1.5.4 Ancylobotrys Pierre 

(Figs. iC, 4D, 5E, 8E, F, 9E, F, 10C, D, 12C, 13 D, E, 15E, 20C; Tables 1 & 2, 3; 
Appendix 1) 

A genus of 7 species, mainly lianas or sarmentose shrubs restricted to Africa, with 
A. petersiana spreading to the Comoro Islands and Madagascar. It is represented by 
three species in E. Africa, A. petersiana and A. tayloris are observed here. 

Leaf surface 
HAIRS: present on the petiole of both species, 2-7-celled, thin-walled in both. CU-
TICULAR SURFACE (SEM): adaxial of A. tayloris with small bumps, abaxial 
smooth but with thick cuticular ridges over subsidiary cells (Fig. 5 E). STOMATA 
(Fig. 4D, 5E): hypostomatic, anomocytic in A. petersiana, outline circular in A. 
tayloris and with a round aperture. EPIDERMAL CELL OUTLINE (SEM): not 
visible on adaxial surface in A. tayloris. ANTICLINAL WALLS (LM): very undu
late on both sides in A. petersiana, undulate on both sides in A. tayloris. 

T.S. Lamina 
THICKNESS (Table 1): 229-300 u,m in A. tayloris, 293-320 fim in A. petersiana. 
CUTICLE: thicker in A. tayloris, thickest on adaxial midrib in both. ADAXIAL 
EPIDERMAL CELLS (Figs. 8E, 9E): intermittently 2-layered in A. tayloris, second 
layer larger, thick-walled; 1 -layered in A. petersiana, 2-3-layered towards the margin 
and the midrib; outer periclinal wall of the first layer very thick in both. ABAXIAL 
EPIDERMAL CELLS (Figs. 8F, 9F): i-layered in both but with 1-2 layers of short, 
compact cells above the lower epidermis. STOMATA (T.S.) (Figs. 10C, D): with a 
wider aperture in A. tayloris. MESOPHYLL: bifacial in both, but with a tendency 
towards being isobilateral in both; palisade 2(-3)-layered in both, does not extend to 
the midrib; spongy mesophyll composed of more or less vertically elongated cells 
with a lot of air spaces (Fig. 12C). MINOR VEINS: embedded or transcurrent and 
bicollateral in the larger veins in both species. MIDRIB (Figs. I3D,E; Table 1)549-
586 u,m in A. tayloris, 714-750 uin in A. petersiana; outline almost straight on both 
sides in A. tayloris; adaxial gently curved, abaxial prominently ridged in A. 
petersiana. Vascular bundle bicollateral, forms a shallow arc in A. tayloris and a 
deeper one in A. petersiana; phloem extends across the vascular bundle and forms 
a semi-circle above it in both species (Figs. 13D, E, 15E) MARGIN: slightly revo-
lute in both, with an acute tip in A. tayloris. CRYSTALS: solitary crystals in the 
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phloem and a few in the ground tissue below vascular bundle in A. petersiana. 
LATICIFERS: along veins; branching in the palisade towards both epidermis; below 
palisade tissue and epidermis in both species. 

T.S. petiole 
Ends of vascular bundle almost in contact with one another forming an almost cylin
drical strand with accessory bundle in both (Fig. 20 C); laticifers branching between 
cells in the ground tissue. 
Comments: 
Both species have a very thick cuticle and outer epidermal cells and both have a 
tendency towards being isobilateral. A. tayloris can be distinguished from A. 
petersiana by its larger stomata with a wider, circular aperture; 2-layered epidermis 
and a midrib which is almost straight on both sides. 

1.5.5 BaisseaA. DC. 

(Figs, il, 3E, 7C, D, 8G, H, 9Q, 13 F; Tables 1, 2, 3; Appendix 1) 

A genus of 18 mainly lianescent species, mainly climbers or scandent shrubs re
stricted to Africa. Represented by five species in East Africa. B. myrtifolia is exam
ined here. 

Leaf surface 
HAIRS: occur on adaxial surface of midrib and on petiole; multicellular, uniseriate, 
sometimes hooked with longer basal and shorter apical cells (Fig. il); domatia pres
ent in the axils of secondary veins (Fig. 3E). CUTICULAR SURFACE (SEM): more 
or less smooth but with uneven surface on both sides. STOMATA (Table 2; Figs. 
7C,D):hypostomatic and paracytic; outline elliptic; sizei5-i9.5 x 8-13 ujn; density 
per mm2 150-200. EPIDERMAL CELL OUTLINE (SEM): not visible. ANTICLI
NAL WALLS (LM): very undulate on both surfaces (Figs. 7C, D). 

T.S. lamina 
THICKNESS (Table 1): 82-110 |im. CUTICLE: 1-3 jim thick, thickest at the midrib. 
ADAXIAL EPIDERMAL CELLS (Fig. 8G): i-layered, rectangular, with an irregu
lar in outline. ABAXIAL EPIDERMAL CELLS (Fig. 8H): 1-layered, rectangular, 
with an irregular outline. STOMATA (T.S.): slightly raised. MESOPHYLL: bifacial; 
palisade 1 -layered, extends to the midrib; spongy mesophyll with more or less trans
versely elongated cells. MINOR VEINS: with a parenchyma sheath. MIDRIB (Fig. 
13F): 201-238 um thick; outline almost flat on adaxial surface; abaxial prominently 
ridged. Vascular bundle bicollateral, forming a shallow arc. Ground tissue of midrib 
collenchymatous towards the periphery. MARGIN: slightly revolute. CRYSTALS: 
cluster crystals present in the palisade layer; cluster and solitary crystals in the 
spongy mesophyll. LATICIFERS: along the veins; below the palisade; branching in 
the mesophyll towards both epidermises. 
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T.S. petiole 

Vascular bundle u-shaped, bicollateral. 

1.5.6 CarissaL. 

(Figs. 4F, 5C, 9G, H, 10E, F, 13G, H, P, 16B, 17D; Tables 1 & 2, 3; Appendix 1) 

A genus of about 20 species mainly shrubs or small trees in Africa, Asia and Mada
gascar. Represented by three species in East Africa, C. edulis and C. tetramera are 
investigated here. 

Leaf surface 

HAIRS: very few on adaxial midrib of C. tetramera and on petiole of both species; 
unicellular, simple and thin-walled. CUTICULAR SURFACE (SEM): smooth on 
both sides in C. tetramera and on abaxial surface of C. edulis. STOMATA: 
hypostomatic but in C. edulis a few stomata found on abaxial surface overlying the 
midrib and on adaxial surface of petiole; cyclocytic in C. edulis, paracytic in C. 
tetramera; outline broadly elliptic in both, and with a truncate pole in C. tetramera 
(Fig. 5C); size larger in C. edulis at 29-36 x 23-32 ujn, sunken with a narrow aper
ture (Fig. 4F); density per mm2 500-572 in C. tetramera, 66-176 mm2 in C. edulis. 
EPIDERMAL CELL OUTLINE (SEM): outline obscurely visible on both sides. 
ANTICLINAL WALLS (LM) adaxial ± straight, angular in C. tetramera, abaxial 
straight to slightly curved; straight to slightly curved on both surfaces in C. edulis. 

T.S. lamina 
THICKNESS (Table 1): 247-302 [xm in C. edulis; 366-412 [im in C. tetramera. 
CUTICLE: thicker in C. tetramera on the adaxial midrib at 9-20 um. ADAXIAL 
EPIDERMAL CELLS (9G): i-layered in both, larger in C. tetramera, triangular and 
acute at the apex in C. edulis. ABAXIAL EPIDERMAL CELLS (Fig. 9H): 1 -layered 
in both, rectangular in C. tetramera, smaller and triangular in C. edulis. STOMATA 
(T.S.) (Figs. 10E, F): raised, with a smaller aperture in C. edulis. MESOPHYLL: 
bifacial in both species, C. edulis with a tendency towards being isobilateral; pali
sade cells 2(-3)-layered, characteristically long, extends up to the midrib in both 
species; spongy mesophyll with transversely elongated cells in C. edulis; C. 
tetramera with shorter cells with arms; many transversely elongated thick-walled 
sclerids in the palisade and mesophyll of C. tetramera (Fig. 16 B). MINOR VEINS: 
smaller ones collateral with a parenchyma sheath; larger ones in C. tetramera with 
an outer parenchyma sheath and an inner sclerenchymatous sheath. MIDRIB (Fig. 
13 G, H): almost fiat on adaxial surface in both species, more ridged on abaxial 
surface in both. Vascular bundle bicollateral and forming a shallow arc in both spe
cies, with thick-walled lignified fibres above and below the bundle in C. tetramera. 
Collenchyma only on abaxial periphery of midrib. CRYSTALS: cluster crystals in 
the mesophyll of both; solitary crystals in the phloem and mesophyll of C. 
tetramera. LATICIFERS: along veins in the midrib (Fig. 17D) and mesophyll; be-
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tween epidermal cells; below palisade; towards the upper and lower epidermis in 
both species; width decreasing at the point of branching. MARGIN: revolute in both 
species, apex bluntly obtuse in C. edulis and rounded in C. tetramera (Fig. 19C); 
epidermal cells triangular with acute apex in C. edulis (Fig. 9P); marginal bundle 
surrounded by a large amount of sclerenchyma in C. tetramera (Fig. 19C). 

T.S. petiole 
Vascular bundle forming a deeper and slightly incurved bundle in C. tetramera; 
epidermal cells small, triangular; laticifers observed along the veins in the midrib. 

Comments: C. tetramera is easily distinguished by the foliar sclerids in the meso-
phyll of the leaves (Fig. 16B) and its venation with a strong marginal vein (Fig. 22 
A). The stomata are smaller in C. tetramera which also has a higher density. 
Nyawuame & Gill ( 1991 ) reported the paracytic type of stomata with straight anticli
nal walls on both sides and eumesogenous type of stomatal development in C. edulis 
and size of 30.1 x 17.4 um. 

1.5.7 Carvalhoa K. Schum. 

(Figs. 2E, 5F, 81, J, 10G, 13I; Tables 1, 2, 3; Appendix 1) 

A monotypic genus restricted to Eastern and South Eastern Africa. In East Africa it 
is restricted to Kenya and Tanzania. The only species, C. campanulata, is examined 
in the present study. 

Leaf surface 
HAIRS: absent. CUTICULAR SURFACE (SEM): adaxial with striations over the 
whole surface, striations crossing cell outlines (Fig. 2E); abaxial with concentric 
rings striae over subsidiary cells and with cuticular ridges on the rest of the surface 
(Fig. 5F). STOMATA (Fig. 5F; Table 2): hypostomatic; paracytic with one subsid
iary cell on either side, subsidiary cells extending over one or both poles; outline 
elliptic; size 20-25 x J3-i9 M™; density per mm2 81-106-150. EPIDERMAL CELL 
OUTLINE (SEM): adaxial with cuticular ridges over anticlinal walls (Fig. 2E), 
abaxial with irregular cuticular ridges. ANTICLINAL WALLS (LM): adaxial 
straight to slightly curved, abaxial undulate. 

T.S. lamina 
THICKNESS (Table 1; Fig 81, J): 156-220 um. CUTICLE: very thin, c. 1 urn. 
ADAXIAL EPIDERMAL CELLS (Fig. 81): regular, 1-layered, wider than tall, 
collenchymatous at the midrib. ABAXIAL (Fig. 8J): i-layered. STOMATA (T.S.) 
(Fig. 10G): slightly raised. MESOPHYLL: bifacial; palisade, i-layered, extends to 
the midrib; spongy mesophyll with short transversely elongated cells. MINOR 
VEINS: collateral, with xylem on adaxial side. MIDRIB (Fig. 13I; Table 1): 1409-
1446 um thick; adaxial ridge small, less prominent, abaxial more prominent, u-
shaped. Vascular bundle bicollateral, forming a deep arc; collenchyma in 2-3 layers 
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on both surfaces. MARGIN: revolute, with 2-3 layers of collenchymatous cells; 
epidermal cells subglobose. CRYSTALS: cluster crystals in the palisade layer. 
LATICIFERS: along the veins; in the mesophyll and among parenchyma cells of 
ground tissue. 

T.S. petiole 
Vascular bundle bicollateral, u-shaped, with accessory bundles on the wings. 

NOTES: The petioles and leaves of C. campanulata sometimes have some pubes
cence. 

1.5.8 Clitandra Benth. 

(Figs. 8K, L, 9R, 13J, 20D; Tables 1 & 2, 3; Appendix 1) 

A monotypic genus restricted in Africa from Guinea to Tanzania. C. cymulosa, a 
large liana, is examined. 

Leaf surface 
HAIRS: absent. CUTICULAR SURFACE (SEM): STOMATA: hypostomatic; 
anomocytic with 5-8 cells around the stomata; outline broadly elliptic to rounded; 
size 17-23 x i5-i9nm; density permm2 288-340. EPIDERMAL CELLOUTLINE: 
not visible. ANTICLINAL WALLS (LM): more or less straight to very slightly 
curved on both sides. 

T.S. lamina 
THICKNESS (Table 1): 192-247 (im. CUTICLE: thickest at the margin. ADAXIAL 
EPIDERMAL CELLS (Fig. 8K): ± square, smaller at the midrib. ABAXIAL EPI
DERMAL CELLS (Fig. 8L): rectangular in shape, much smaller at the midrib. STO
MATA (T.S.): slightly sunken stop. MESOPHYLL: bifacial, but with two layers of 
vertically elongate short palisade-like cells above abaxial epidermis; palisade layer 
in 2 rows, does not extend to the midrib; spongy mesophyll with horizontally elon
gated cells, not compact. MINOR VEINS: smaller ones embedded, with a paren
chyma sheath; larger ones transcurrent towards the adaxial side. MIDRIB: 640-
659 urn thick; outline more or less straight on adaxial side, prominent on abaxial 
side, acute. Vascular bundle bicollateral, forming an oval shape. MARGIN: straight. 
CRYSTALS: none seen. LATICIFERS: branching in the mesophyll and palisade 
layers towards both epidermis. 

T.S. petiole 
Vascular bundle bicollateral, cylindrical and flattened on adaxial side forming a 
semi-circle (Fig. 20D). 
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1.5.9 Dictyophleba Pierre 

(Figs. iF, 4A, 6G, H, 13K, 18 D, 19C, 20F; Tables 1, 2, 3; Appendix 1) 

A genus of 5 species in Africa, all lianas with tendrils. Only one species, D. lucida, 
extends to East Africa: Tanzania and Kenya. 

Leaf surface 
HAIRS (Fig. iF): present on the petiole, up to 25-celled, cells short. CUTICULAR 
SURFACE (SEM) (Fig. 4A): smooth. STOMATA (Fig. 6 G, H; Table 2): hyposto-
matic and anomocytic with 3-6 cells around the guard cells; outline almost circular; 
size 14.6-16.6 x 14.6-16.6 um; density per mm2 700-825-925. EPIDERMAL CELL 
OUTLINE (SEM), cell outlines obscurely visible as wide grooves (Fig. 4A). ANTI
CLINAL WALLS (LM): undulate on both surfaces. 

T.S. lamina 
THICKNESS (Table 1): 183-311 H™. CUTICLE: very thin, 1-3 urn. ADAXIAL 
EPIDERMAL CELLS: i-layered, much larger than abaxial ones. ABAXIAL EPI
DERMAL CELLS: i-layered, rectangular in outline. STOMATA (T.S.): raised. 
MESOPHYLL: bifacial; palisade layer in 2-rows, extends to the midrib; spongy 
mesophyll with vertically elongated, lacunate cells. MINOR VEINS: transcurrent, 
with outer parenchyma sheath and inner sclerenchymatous sheath; bundle sheath 
extensions towards both epidermis. MIDRIB (Fig. 13K): 714-787 urn thick; slightly 
concave on adaxial surface; abaxial ridge prominent, with an irregular outline. Vas
cular bundle forming a wide u-shape, bicollateral, with islands of phloem within the 
u-shape (Fig. 13K). Collenchyma in 3-4 layers on both sides of the midrib. MAR
GIN (Fig. 19C): revolute with an obtuse tip, marginal vein with sclerenchyma. 
CRYSTALS: solitary crystals arranged in a neat row along the veins in the meso
phyll. LATICIFERS: many laticifers seen especially branching from the mesophyll 
to the palisade and to the upper epidermis and margin. 

T.S. petiole 
Outline of petiole circular; ends of vascular bundle almost in contact with one an
other forming an almost cylindrical strand with accessory bundles at the wings of the 
petiole (Fig. 20F). 

1.5.10 Diplorhynchus Welw. ex Fie. & Hiern 

(Figs. 2A, 5D, 9K, L, 12F, 13L; Tables 1, 2, 3; Appendix 1) 

A monotypic genus with its only species, D. condylocarpon, restricted to Africa, 
which has been examined. 

Leaf surface 
HAIRS: absent. CUTICULAR SURFACE (SEM): adaxial smooth with very fine 
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striatums, abaxial smooth (Figs. 2A, 5D). STOMATA (Table 2): hypostomatic; type; 
outline broadly elliptic with peristomatal rims (Fig. 5D); size 16-18 x 14-16 mm; 
density per mm2 260-340; EPIDERMAL CELL OUTLINE (SEM): not visible. AN
TICLINAL WALLS (LM): slightly undulate. 

T.S. lamina 
THICKNESS (Table 1): 256-275 urn. CUTICLE: 2.9-5.7 l«n on the upper epider
mis; 1.9-5.7 urn in the lower epidermis; thickest at the margin. ADAXIAL EPIDER
MAL CELLS: i-layered, rectangular in shape, 7.6-15.2 x 7.6-28.5 urn, smallest at 
the midrib, triangular. MESOPHYLL (Fig. 12F): bifacial; palisade in 2 (-3) rows, 
very narrow; mesophyll vertically elongated. MINOR VEINS: transcurrent with 
bundle sheath extensions reaching towards both epidermises. MIDRIB : 439-458 urn 
thick; outline more or less straight on both sides. Vascular bundle bicollateral, form
ing a wide arc with phloem across the arc and many fibres below the vascular bun
dle. MARGIN: more or less straight with much collenchyma at the tip; epidermal 
cells narrow, small, acute at the apex. 

T.S. petiole 
Vascular bundle bicollateral. 

Comments: the leaves are normally glabrous to pubescent; petioles are glabrescent 
to puberulent. 

1.5.11 Funtumia Stapf 

(Figs. 8M, N, 13M, 17E, 20G; Tables 1, 2, 3; Appendix 1) 

A genus of two tree species restricted to Africa. F. elastica was available for study. 

Leaf surface 
HAIRS: absent. CUTICULAR SURFACE (SEM): rough. STOMATA: hypo
stomatic; paracytic; outline narrowly elliptic; size 19-25 x 10-15 M™; density per 
mm2 300-320. EPIDERMAL CELL OUTLINE: completely obscured. ANTICLI
NAL WALLS: straight to slightly undulate on both sides. 

T.S. Lamina 
THICKNESS (Table 1): 311-366 (im. CUTICLE: thickest on adaxial midrib. 
ADAXIAL EPIDERMAL CELLS (Fig. 8M, 9I): irregularly 2-3-layered, sometimes 
with periclinal divisions, thick-walled, 7.6-24.7 x 13.3-24.7 urn. ABAXIAL EPI
DERMAL CELLS (Fig. 8 N): 1-2-layered, thick-walled, smaller, 7-11.4 x 10-
20 (im, even smaller around midrib, acute at the apex. STOMATA (T.S.): level with 
the surface. MESOPHYLL: bifacial; palisade extends to the midrib, in 2-3-rows, 
characteristically long; spongy mesophyll with transversely elongated cells with air 
spaces. MINOR VEINS: embedded, larger ones bicollateral, smaller ones collateral, 
with a parenchyma sheath. MIDRIB (Fig. 13M): 586-768 urn thick; adaxial outline 
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almost flat, abaxial ridged; Vascular bundle bicollateral, forming a wide shallow arc; 
pockets of phloem interspersed with mucilaginous fibres above the arc, few fibres 
below it. Ground tissue collenchymatous towards the periphery. MARGIN revolute 
with two layers of epidermal cells and collenchymatous cells. CRYSTALS: many 
cluster crystals present in the mesophyll and lower cortex of midrib and larger minor 
veins. LATICIFERS(Fig. 17E): branching freely in the mesophyll and along the 
veins; branching just below the epidermis and palisade tissue into the epidermal 
cells. 

T.S. petiole 
The vascular bundle forms a deep arc with adaxial phloem extending across the 
bundle and has three accessory bundles on each side of the wings; numerous clus
tered crystals in the ground tissue of the petiole; outline deeply canaliculate on 
adaxial side (Fig. 20G). 

Comments: Leaf may have a few hairs on midrib. 

1.5.12 Holarrhena R.Br. 

(Figs. IB, 2F, 4E, 6C, D, 12B, 13N, 15B) 

A genus of 4 species in Africa, Southern Continental Asia and Sri Lanka. Repre
sented by only one species, H. pubescens, confined to Kenya and Tanzania, which 
is examined here. 

Leaf surface 
HAIRS (Figs. iB, 4E): present on petiole, abaxial leaf surface and on both surfaces 
of the midrib and at the margin; 1-2 (-7)-celled, the basal cells are shorter and termi
nal cells longer and may be hooked. CUTTCULAR SURFACE (SEM) (Fig. 2F): 
abaxial striate; abaxial smooth. STOMATA (Figs. 6C, D; Table 2): hypostomatic; 
paracytic with subsidiary cells extending over the poles, a few anisocytic stomata 
also seen; double stomata and stomata with single guard cell seen; outline rounded 
to elliptic, slightly raised; with double rims; aperture wide, elliptic; size 17-31 x 14-
19 [im; density per mm2 250-289-312. EPIDERMAL CELL OUT LINE (SEM): 
with cuticular ridges over anticlinal walls (Fig. 2F). ANTICLINAL WALLS (LM): 
± straight, angular on both surfaces. 

T.S. lamina 
THICKNESS: 201-220 urn. CUTICLE: 1-3 um thick. ADAXIAL EPIDERMAL 
CELLS: 1-layered, at some points seen dividing periclinally, taller than wide or 
more or less square. ABAXIAL EPIDERMAL CELLS : 1 -layered, rectangular, taller 
than wide at the midrib. STOMATA (T.S.): slightly raised. MESOPHYLL (12B): 
bifacial; palisade layer 1 -layered, extends to the midrib, but leaves a gap; spongy 
mesophyll cells transversely elongated, very compact. MINOR VEINS: embedded, 
with a thin-walled parenchyma sheath; older ones transcurrent towards adaxial epi-
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dermis. MIDRIB (Figs. 13N, isB;Table i):970-i025 |xm thick; adaxial outline with 
a small ridge, abaxial more prominent, u-shaped. Vascular bundle forming a shallow 
arc. Collenchyma on the periphery of both ridges. MARGIN: revolute at the extreme 
tip or more or less straight. CRYSTALS: cluster crystals in large subglobose cells 
immediately below the palisade layer. LATTCIFERS: in the mesophyll along veins; 
below the palisade eventually ending in the upper or lower epidermis. 

T.S. petiole: 
Vascular bundle forms a very wide and a shallow u-shape, with small accessory 
bundles; many laticifers seen between cortical parenchyma cells of the petiole even
tually ending in the epidermis. 

Comments: the stomata are also reported to be paracytic in H. pubescens by 
Nyawuame & Gill (1991) and in H. antidysenterica (= H. pubescens) by Chandra 
et al., (1969), with eumesogenous type of stomatal development (Nyawuame & Gill 
1991). 

1.5.13 Hunteria Roxb. 

(Figs. 3A, 18A, 10 H, 1,13O, P, 20H, 22A; Table 1, 2, 3; Appendix 1) 

A genus of 12 species restricted to Africa, only H. zeylanica extends to South and 
South East Asia up to Sumatra. Represented by two species in East Africa, H. 
congolana and H. zeylanica, both examined here. 

Leaf surface: 
HAIRS: absent. CUTICULAR SURFACE (SEM): smooth on both sides in H. 
congolana, smooth with fine striatums in H. zeylanica. STOMATA: hypostomatic; 
anomocytic and anisocytic in H. congolana, complex-cyclocytic with sunk subsid
iary cells in H. zeylanica (Fig. 3 A); outline broadly elliptic to circular; larger in H. 
zeylanica; density per mm2 greater in H. zeylanica at 294-350. EPIDERMAL CELL 
OUTLINE: not visible in both. ANTICLINAL WALLS (LM): both walls straight 
to very slightly curved in both species. 

T.S. lamina 
Width 183-220 in H. congolana, and 266-348 \im in H. zeylanica. CUTICLE: thick
est at the midrib and margin in both species. ADAXIAL EPIDERMAL CELLS: 1-
layered in both species, more or less rectangular in H. congolana, taller than wide 
in H. zeylanica. ABAXIAL EPIDERMAL CELLS: i-layered in both, rectangular, 
larger in H. zeylanica; epidermal cells papillose with acute apex around midrib in H. 
congolana. STOMATA (T.S.) (10H, I): raised in both species. MESOPHYLL: bifa
cial, H. zeylanica with two layers of short palisade-like cells above the lower epider
mis; palisade 1-2-layered in H. congolana, extends to the midrib; 2-3(-4)-layered in 
H. zeylanica; spongy mesophyll with short horizontally elongated cells, very com
pact in both species. MINOR VEINS: embedded, with a parenchyma sheath, xylem 
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surrounded by fibres. MIDRIB ( 13O, P; Table i):9i5-95i [im thick in H. zeylanica, 
403-439 [im thick in H. congolana; adaxial outline more or less straight, abaxial 
ridged in both. Vascular bundle bicollateral, forming a wide shallow arc in both 
species; mucilaginous fibres present on lower side in H. congolana. Ground tissue 
collenchymatous especially on the abaxial side. MARGIN: slightly revolute in both, 
epidermal cells taller than wide, with acute apex in H. congolana. CRYSTALS: 
cluster crystals in the palisade layer in large subglobose idioblasts in both species, 
idioblasts extremely large in H. zeylanica (Fig. 18A); mesophyll with cluster crystals 
in enlarged cells in H. zeylanica; H. congolana with numerous druses in the ground 
tissue of midrib and mesophyll and many solitary crystals in the phloem (Fig. 18F); 
solitary crystals in both epidermis. LATICIFERS: common adjacent to the lower 
periclinal walls of the adaxial epidermis, and between palisade cells in H. zeylanica; 
along veins of midrib in H. congolana. 

T.S. petiole 
Vascular bundle bicollateral; forms a deep u-shape with incurved margins, in both 
species; strongly supported in the pericyclic region by thick-walled mucilaginous 
fibres in groups of 2-35 scattered sclerosed elements in the ground tissue of H. 
zeylanica (Fig.ióE). 

Comments: anisocytic stomata with straight anticlinal walls on both surfaces and 
hemimesogenous type of stomatal development have been reported in H. umbellata 
by Nyawuame & Gill (1991), size 18.7 x 14.6 (im. 

1.5.14 Landolphia R Beauv. 

(Figs. 13 Q, R, 15C, 20 E; Table 1, 2, 3; Appendix 1) 

A genus of 51 species in Africa and ca. 8 species are endemic to Madagascar. Repre
sented by 7 species in East Africa and two are examined here. 

Leaf surface 

HAIRS: absent. CUTICULAR SURFACE (SEM): smooth on abaxial epidermis in 
L watsoniana. STOMATA: hypostomatic and anomocytic inL. watsoniana; outline 
circular in L. watsoniana, elliptic in L. buchananii; size 15-18x15-16 [im; density 
per mm2 500-625 in L. watsoniana. EPIDERMAL CELL OUTLINE: obscurely vi
sible as groves. ANTICLINAL WALLS (LM): undulate on both surfaces in both 
species. 

T.S. lamina 
THICKNESS: 256-311 [im in L. buchananii, 201-256 [im thick in L. watsoniana. 
CUTICLE: thickest at the margin in both species. ADAXIAL EPIDERMAL 
CELLS: 1-layered on both species, rectangular, larger in L. buchananii. ABAXIAL 
EPIDERMAL CELLS: 1-layered, rectangular, smaller inL. watsoniana. STOMATA 
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(T.S.): slightly raised in L. buchananii; slightly sunk in L. watsoniana. MESO
PHYLL: bifacial; palisade i-2-layered in L watsoniana, extends to the midrib; 
2(-3)-layered with much longer cells in L. buchananii, does not extend to midrib; 
spongy mesophyll cells horizontally elongated in both. MINOR VEINS: embedded, 
with outer parenchyma sheath and inner sclerenchyma sheath; larger ones 
transcurrent towards both epidermis. MIDRIB (Figs. 13Q, R): adaxial slighdy prom
inent in L. watsoniana, more or less straight in L. buchananii; abaxial more or less 
straight in L. watsoniana, ridged in L. buchananii. Vascular bundle forming a cylin
drical strand in L. buchananii, flattened on the adaxial side (Figs. 13Q, 15C) and an 
almost cylindrical strand in L. watsoniana (Fig. 13R). MARGIN: straight in both. 
CRYSTALS: L. watsoniana with a few cluster crystals above minor veins and soli
tary crystals in the parenchyma sheath and along the veins; L. buchananii with soli
tary crystals in the ground tissue of midrib and in the 2nd layer of palisade, small 
cluster crystals in the palisade. LATTCIFERS: towards upper and lower epidermis; 
along veins; between palisade cells and in the mesophyll. 

T.S. petiole 
Vascular bundle cylindrical, forming an oval shape in L. watsoniana ( 13E), flattened 
adaxially in L. buchananii; ground tissue with solitary crystals in L. buchananii. 

Comments: anomocytic stomata with sinuous anticlinal walls on abaxial surface and 
agenous type of stomatal development reported in L. calabrica and L. dulcis var. 
barteri (= L. dulcis) and paracytic stomata in L. owariensis with sinuous anticlinal 
walls on both surfaces and eumesogenous type of stomatal development by 
Nyawuame & Gill (1991). Landolphia buchananii may sometimes have leaves with 
pubescence. 

1.5.15 Mascarenhasia A. DC. 

Figs. iE, 9I, J, S, 14A, 18C; Table 1, 2, 3; Appendix 1) 

A genus of 8 species, all distributed in Madagascar, one of which also occurs in East 
Africa: M. arborescens. 

Leaf surface 
HAIRS (Fig. iE): simple, unicellular hairs on abaxial petiole. CUTICULAR SUR
FACE (SEM): rough. STOMATA: hypostomatic, elliptic, outline; size 21-31 x 10-
18 um; density per mm2 200-213; EPIDERMAL CELL OUTLINE (SEM): ob
scured. ANTICLINAL WALLS: abaxial straight, adaxial undulate. 

T.S. lamina 
THICKNESS (Table 1): 211-256 um. CUTICLE: thickest at the midrib at the midrib 
and margin. ADAXIAL EPIDERMAL CELLS: irregularly 1-2-layered, almost 
square to rectangular; smaller at the midrib, taller than wide with an acute apex (Fig. 
9I). ABAXIAL EPIDERMAL CELLS: i-layered, rectangular; smaller around the 
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midrib and with a pointed apex (Fig. 9J). MESOPHYLL: bifacial; palisade 1-2-lay-
ered, extends to the midrib; spongy mesophyll with transversely elongated cells, 
compact. MINOR VEINS: embedded, collateral with an outer parenchyma and an 
inner sclerenchymatous sheath. MIDRIB (Fig. 14A): 750-787 um thick; adaxial 
outline almost straight, abaxial prominently ridged. Vascular bundle bicollateral, 
forming a deep arc, with islands of phloem above the u-shape; mucilaginous fibres 
below the bundle, a few above it. Collenchyma in 3-4 layers on the periphery. MAR
GIN: revolute, epidermis 2-layered, collenchymatous. CRYSTALS: cluster crystals 
in the mesophyll and ground tissue of midrib; solitary crystals in the phloem. 
LATICIFERS: branched freely in the mesophyll; along the veins; below the palisade 
and epidermal cells towards both epidermis. 

T.S. petiole: 
Vascular bundle bicollateral, forms a u-shape, with numerous cluster crystals dis
persed in the cortex. 

1.5.16 Motandra A. DC. 

(Figs. iD, H, i4B;Table 1, 2, 3; Appendix 1) 

A genus of 3 species confined to Africa. M. guineensis is examined here. 

Leaf surface 

HAIRS: present on the petiole and midrib; simple, thick-walled, 1-5-celled, with an 
acute apex (Fig. iH); few glandular hairs also observed on the petiole, with three 
short basal cell (Fig. iD). CUTICULAR SURFACE (SEM): smooth on both sur
faces. STOMATA: hypostomatic anomocytic; type; outline elliptic, raised; size 15-
19x9-15 um; density per mm2 70-160. EPIDERMAL CELL OUTLINE: featureless 
on both sides. ANTICLINAL WALLS: adaxial straight to slightly curved, abaxial 
undulate. 

T.S. lamina 

THICKNESS (Table 1): 99-110 um thick. CUTICLE: adaxial 1.9-3.8 urn thick; 
abaxial 1.9-2.9 um, thickest at the midrib. ADAXIAL EPIDERMAL CELLS: 1-
layered, 9.5-13.3x8.6-25.7 urn. ABAXIAL EPIDERMAL CELLS: i-layered, 
smaller, 6.7-9.5 x 7.6-22.8 um.MESOPHYLL: palisade i(-2)-layered;transversely 
elongated, compact. MINOR VEINS: embedded MIDRIB (14B): 513-549 um thick; 
adaxial outline straight, abaxial prominently ridged. Vascular bundle bicollateral, 
forming a deep arc with mucilaginous fibres interspersed with phloem within the arc 
and many pockets of mucilaginous fibres below the vascular bundle. CRYSTALS: 
numerous solitary crystals in the ground tissue below the vascular bundle and in 
enlarged cells in the palisade layer; many solitary crystals in the phloem. 
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7^5. petiole: 
Vascular bundle bicollateral, oval shaped, ends of vascular bundle almost in contact 
with one another; phloem in the middle of the oval shape; numerous solitary and 
clustered crystals in the cortical region. 

Comments: anomocytic stomata with sinuous anticlinal walls on both surfaces and 
the agenous type of stomatal development have been reported in M. guineensis by 
Nyawuame & Gill (1991). 

1.5.17 Oncinotis Benth. 

(Figs. iG, 3C, 3F, 4C, 11D, 14C, 16A, 18A; Table 1, 2, 3; Appendix 1) 

A genus of 7 lianescent species confined to Africa. O. tenuiloba has been inspected 
here. 

Leaf surface 
HAIRS: present on adaxial surface of petiole; with short, thick-walled basal cells, 
terminal cell longer with an acute apex (Fig. iG) and in the axils of secondary veins 
as domatia (Fig. 3F). CUTICULAR SURFACE (SEM) (Fig. 3C): smooth on both 
surfaces. STOMATA: hypostomatic and paracytic; outline elliptic, slightly sunken; 
rim very narrow; aperture elliptic, wide; size 15-22.5 x 10-14 ^m; density per mm2 

369-439; primary stomata observed. EPIDERMAL CELL OUTLINE (SEM): articu
lar ridges over anticlinal walls on both surfaces. ANTICLINAL WALLS (LM): 
adaxial straight to slightly curved, angular; abaxial undulate. 

T.S. lamina 
THICKNESS (Table 2) 147-183 urn. CUTICLE: very thin. ADAXIAL EPIDER
MAL CELLS: i-layered, 2-layered towards the midrib, rectangular in outline. 
ABAXIAL EPIDERMAL CELLS: smaller, rectangular to square. STOMATA (T.S.) 
(Fig. 1 iD): more or less level with the surface. MESOPHYLL: bifacial; palisade in 
1 -2 rows; spongy mesophyll cells compact, transversely elongated. MINOR VEINS: 
embedded, collateral, with a parenchyma sheath. MIDRIB: abaxial prominently 
ridged, adaxial almost flat. Vascular bundle bicollateral, forming a deep arc with 
many fibres below and above interspersed with phloem tissue (Fig. 16A). Ground 
tissue collenchymatous at the periphery. CRYSTALS: numerous cluster crystals in 
the ground tissue of midrib and spongy mesophyll; solitary crystals and small cluster 
crystals in the phloem. LATICIFERS: occur along veins; branching below the epi
dermis and palisade towards both epidermis. MARGIN: slightly revolute. 

T.S. petiole 
Vascular bundle bicollateral, deeply curved with phloem in the middle of the arc; 
numerous crystals in the ground tissue (Fig. 18A). 
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